Conformal solution theory is examined. It is suggested that most difficulties associated with previous applications of this theory arise from the use of concentration-independent reference fluids. For the particular case of a hard-sphere mixture, it is shown that if the reference fluid is chosen so as to make the first-order term in the theory vanish, good results are obtained.
When two species of molecules that are not very different are mixed, and when full information is presumed to be available on the pure components, it is natural to look for a perturbation treatment using one of the components or some similar fluid as the reference system.
One such theory was first proposed by LonguetHiggins (1) and was named by him conformal solution theory (CST). The definition of a conformal solution is a formalization of what is meant by "not very different species" and may be rephrased by saying that the interactions must be of the form that suffices to ensure the validity of the corresponding-states principle.
That is, the total potential energy consists of a sum of pair potentials: U(ri, ... ., r) = E u(aj, aj; Rij), i<j (1) where a1 = 1 or 2 if molecule i is of species 1 or 2 and u(X, Iu, ?R) = ux,(R) = E;F(R/0)x,.
(2) If we write Ejj = e(l + Ifsj) and rjj3 = a3(l + Shij1) (3) where e and a characterize the arbitrarily chosen reference fluid, we have to a first order of approximation:
16G\~~.,bGi1 The quantities Gf and Gh can be expressed in terms of the thermodynamic functions of the reference fluid. Thus, G = Go + (Eo + 3/2NkT)Af + (pVo -NkT)Ah + (7) This expansion has been taken to second order (2, 3). We do not write down the second-order term as it is complex. However, it is to be noted that the secondorder term cannot be written in terms of the thermodynamic functions of the reference fluid. It involves integrals over the 2-, 3-, and 4-body distribution functions of the reference fluid.
The formal result (7) (4) . The results of (17) for the choices oa = ,11, 012, 22 are compared with the simulation results of Smith and Lea (6) in Fig. 1 . The choice u-= q22 is clearly undesirable. The choice a-= all (7) is better, but not adequate. The choice oa = ar, i.e., that given by (9) , appears to be quite good, but this is only because the results in Fig. 1 are given for xi = x2 = 1/2. For other concentrations, this choice will be unsatisfactory. The choice given by (12) is clearly the best.
If we make the choice (12) , the free energy in firstorder is, apart from the ideal free-energy of mixing, the same as that of a one-component system of hard spheres of diameter ao. The second-order terms can be obtained by the methods of ref. 4 The second-order results are good, even for R as large as 3. However, for R = co, the second-order theory is significantly in error (9) . For small values of R, the second-order term seems to over-correct the first-order results.
The above results are based on an expansion of the Helmholtz free-energy, A, in powers of oU3 -3. Different results would be obtained by expanding the Gibbs free-energy, G. In view of our previous discussion (13) , we expect that better results could be obtained from such an expansion. (11) and (12) . Comparison with simulation results shows only fair agreement. The CST results are almost identical to the three-fluid results we have reported (15) . Very probably, better results will be obtained in second-order.
In view of the good results obtained from the onefluid van der Waals theory (15), we might expect that a better choice for the reference fluid is that given by (12) and =q E XfX1Ei1Oij,3.
ii (22) With this choice, the first-order terms are no longer zero. Thus,
We have applied (12) , (22), and (23) to 6:12 molecules. In zero-order, this approach is just the one-fluid van der Waals theory, which we have discussed (12, 15) . Very good results are obtained in zero-order. However, when the first-order term is included, the results obtained are only fair. They are about the same as those obtained using (11) and (12) in first-order, i.e., much like the three-fluid results (15) .
An even better choice would result from an expansion in powers of e4qoqj3 and oil". Annulling the first-order term would yield (12) and (22). With this choice, the first-order CST would become the one-fluid van der Waals theory. Thus, CST yields good results, even in first-order. The results are sufficiently promising to make the conclusion of Tan and Luks (5) that the CST theory is inherently poor seem excessively pessimistic. Clearly, it is desirable to obtain second-order CST results for 6:12 molecules.
